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The median diameter (Md) of grain size distribution of three loess-paleosol se- (Liu et al., 1985; Sasajima and Wang eds., 1984) . The grain size and depositional influx of loess series principally reflect the wind intensity and can be used to reconstruct the variation of wind field as well as the average climatic conditions in both the source and the depositional areas (Liu et al., 1985; An et al., 1991b the global glacial-interglacial climatic change (An et al., 1991a, c Loess units were designated as L and paleosols as S. They were numbered in descending order such as L1, L2 and S1, S2. The Holocene soil was given as S0.
The three loess-paleosol sequences of present study are composed of modern cultivated soil, Holocene soil (SO), Malan loess (Ll) and Sl paleosol, in descending order (Fig. 2 ). Heimugou section is 11.5m thick with 0.7m thick S0, 7.9m thick L1 and 2.4m thick S1, Jiezicun section is 11.6m thick with 0.7m thick S0, 5.8m thick L1 and 3.1m thick S1. Duanjiapo section is 7.2m thick with 0.8m thick S0, 3.5m thick L1 and 1.8 m thick S1. The S1 paleosol is a typical polygenetic Cinnamon soil with a reddish-brown colour (Nanjing Soil Institute, Academia Sinica, 1980), showing a warm-humid climatic condition during the Last Interglacial. Malan loess L1 was deposited during the Last Glacial and is the most typical loess unit over the Loess Plateau. The thickness of L1 loess decreases southwards, suggesting that dust deposition rate was higher in the northern part of the Loess Plateau than in its southern part. It is more difficult to distinguish the incipient soil within the middle part of L1 loess in Heimugou section than in Jiezicun and Duanjiapo sections, which suggests a drier and colder climatic condition towards the northern part of the Loess Plateau. Holocene soil S0 also indicates that pedogenesis was weaker in the northern part of the Loess Plateau than in its southern part.
Five TL samples were collected from Jiezicun TL technique (Lu et al., 1990) . Other two TL dates from Heimugou section were provided by Dr. S. Forman. Kukla et al. (1988) and An et al. (1991a) assigned the base of S1 paleosol to be 128,000yrs BP by comparing the magnetic susceptibility curve of Heimugou loess-paleosol sequence boundary between L1 loess and S1 paleosol was set at 73,000yrs BP by computation using the magnetic susceptibility-age formula (An et al., 1991a) . Our TL dates principally coincide with the magnetic susceptibility time scale (An et al., 1991a) , and enable us to reliably estimate the time at the boundaries of loess and paleosol units while evaluating the winter monsoon variations on the temporal scale.
III. Analytical Procedure for Grain Size Distribution 10g of each sample was ground down. 8ml of 10% hydrogen peroxide (H2O2) was added to the beaker containing the sample in order to remove the organic materials. 10ml of 0.05N (eqivalent concentration) solution of sodium hexametaphosphate [(NaPO3)6] was added again to disperse the grains by substituting calcium with sodium. Heimugou section is from An et al. (1991b) Median grain size data of three sections are characterized as follows (Fig. 2) . During the formation of S1 paleosol, which coincided with the Last Interglacial, the median grain size was lower Duanjiapo section. During the deposition of L1 loess coincided with the Last Glacial, the median BP, the median grain size reached its maxima of two sections. In the Holocene, median grain size decreased obviously and displays the same lower value as in the Last Interglacial.
V. Winter Monsoon and Grain Size Distribution
The Loess Plateau in central China belongs to the typical monsoon climate region with a southeastern-southern summer monsoon and a northwestern-northern winter monsoon (Gao, 1962) . The winter monsoon is caused by the cold air mass of high pressure prevailing over the Mongolia Plateau, which is directly controlled by polar ice sheets (Gao, 1962; An et al., 1991c) . The distribution of the cold air mass results in a cold air pressure gradient toward the southeast-south, which is responsible for driving the winter monsoon. During the glacial periods, global ice volume increased and the cold air pressure gradient was raised, resulting in intensified winter monsoon. Meanwhile, the sea level fall also heightened the cold air pressure gradient by extending the distance from the Loess Plateau to the ocean, thereby further enhancing the winter monsoon. During the interglacial, global ice volume decreased, following which the cold air pressure gradient became lower, and the winter monsoon was weakened.
Loess series are regarded as eolian dust deposits transported by the northerly wind (Liu et al., 1985; Sasajima and Wang eds., 1984) . The so-called northerly wind over the Loess Plateau can be linked to the winter monsoon. During the glacial period when the winter monsoon was stronger, dust grains of different sizes could be carried and transported for long distances. However, when the winter monsoon became weaker during the interglacial time, coarser grains could not be carried over longer distances, so they were deposited after a short transportation, whereas finer grains were transported farther from the source regions. Therefore, the spatial zonation of grain size of individual loess unit points out the direction of winter monsoon. The temporal variation of grain size of the loess-paleosol sequences, on the other hand, indicates the variations of the past winter monsoon intensity. Pedogenic processes can generate new fine grains in situ by weathering, etc., and also result in migration of argillans to some extent (Liu et al., 1985) . However there is no paleoclimatic contradiction between fine grains originated by pedogenesis and those transported by weak winter monsoon. During weak winter monsoon, dust grains of fine fraction are predominestly transported, whereas such a warm and humid climate condition is also conducive for the development of pedogenesis. The migration of fine grains in the vertical direction along the section does not bring out qualitative changes in paleoclimatic implication on the time scale of millennia (Kukla and An, 1989; An et al., 1991a) . Therefore, fine grains, whether they were originated by pedogenesis in situ, or transported by winter monsoon from source areas, all imply the same paleoclimatic condition, i.e., weak winter monsoon climate.
VI. Winter Monsoon Variation during the Last 130,000 Years
The median grain size of three loess-paleosol sequences indicate the variation of winter monsoon intensity during the last 130,000 years. Median grain size curves exhibit three periods of weakened winter monsoon separated by two periods of enhanced winter monsoon (Fig. 2) . From 130,000 to 73,000yrs BP, the median grain size was lower than any subsequent time, implying a weaker winter monsoon and warm-humid climatic condition during the Last Interglacial. With the onset of the Last Glacial, median grain size increased in the intervals of 73,000-60,000yrs
BP and 25,000 -10,000yrs BP, respectively, suggesting an intensified winter monsoon and dry-cold climate condition. During the period of 60,000-25,000yrs BP in the Last Glacial, median grain size decreased slowly, indicating that winter monsoon was weakened during the interstadial of the Last Glacial, especially in the southern part of the Loess Plateau. At about 18,000yrs BP, the median grain size reached its maximum, displaying an extremely strong winter monsoon climate coincident with the Last Glacial maximum. Coming into the warm and humid Holocene, winter monsoon weakened extensively, as indicated by the transportation of fine grains and a reduced deposition rate.
The global glacial-interglacial paleoclimate might have been characterized by monsoon climate in East Asia (An et al., 1991a, c) . During the Last Interglacial, polar ice volume reduced and sea level rose (Imbrie et al., 1984) , thereby the winter monsoon had been weakened. At about 18,000yrs BP, polar ice sheet expanded most and sea level fell to the lowest (Imbrie et al., 1984) , winter monsoon was extremely strengthened. Large sea level rise (Imbrie et al., 1984) brought a warm-humid climate to the Holocene, leading to a weak winter monsoon.
VII. Conclusions
The loess-paleosol sequences on the Loess Plateau belong to eolian dust deposits which were transported by the winter monsoon. The median grain size of grain size distribution from loesspaleosol sequences indicates the intensity of the winter monsoon. Therefore it can be used to reconstruct the variations of winter monsoon intensity in central China during the Late Quaternary.
Paleomonsoon variation in China is rather complicated. Monsoon climate during the Quaternary was controlled not only by polar ice volume but also by the characteristic geographicalgeomorphological pattern of Chinese terrain. The large-scale uplift of the Himalayas and the emergence of the Yellow River and Wei He River might have imposes several crucial boundary conditions to the formation of the Loess Plateau. Further studies should take into account these factors while investigating the paleomonsoon variation over the Loess Plateau.
